We present a very simple two-component geometrical model the for dimuon invariant mass spectrum in the ρ(770) mass region as observed in the NA60 experiment. In this model, the ρ-peak corresponds to emission from the surface of the overlapping region of interaction, and the continuum to emission from the interior volume.
Introduction
In recent years, high energy heavy ion collisions have provided a wealth of information concerning the phase space structure of QCD. The deconfinement phase transition, which should occur at SPS energies, has been studied with various probes (charmonia suppression [1] , strangeness enhancement [2] , thermal photons [3] , etc.) and appears now to support a convincing case that matter at such extreme temperatures and densities is undergoing a transition from hadronic to quark matter, or Quark Gluon Plasma (QGP).
Although the transition from a chiral non-symmetric to a chiral restored phase is expected, on very general grounds, to occur once a deconfinement medium is formed [4] , there is no significant evidence of such a transition in the available experimental data. The most compelling case for the transition was provided by lattice QCD at zero baryon chemical potential, which has shown that the deconfinement and chiral symmetry restoration phase transitions should occur for the same critical temperature T c ∼ 170 MeV [5] . More recently, studies of meson spectral functions on the lattice also gave evidence for chiral symmetry restoration above T c (see, for instance [6] ).
The ρ(770) meson has long been regarded [7] as a prominent probe for chiral symmetry restoration in QCD. However, both the theoretical and experimental situations remain rather unclear. The predicted behaviour for the two basic observables related to the ρ meson, namely its mass and width, changes strongly from model to model. Within some models the ρ pole mass should decrease [7, 8] as chiral symmetry restoration is approached, while others argue that it should remain constant [9] or even increase [10] . Similarly, depending on the model, the width is predicted to increase, to decrease, or remain constant.
The strong coupling of the ρ to both the photon and the ππ channel make it a very important probe of the medium in which it is produced in high energy heavy ion collisions.
In fact, with a mean free path of 1.3 fm -much smaller that the typical dimension of the region of interaction in nuclear collisions, -the ρ is on one hand probing the medium and, on the other hand, having the medium probe its own properties. One should not forget however that what is measured experimentally is just a time integration of all the ρ meson evolution and thus one should disentangle from the observed spectrum the temporal sequence followed by the ρ .
The model
The basic assumption in our model is the following: in a symmetrical nucleus-nucleus collisions, at a fixed number of participants N part with
the dimuon pairs, from ρ emission, may come either from the surface, in a number proportional to the surface,
or from the interior volume, with
such that for n = 1 (pp collisions) there is only emission from the surface (one just observes the 'normal' ρ). This is consistent with a mean free path of 1.3 fm.
We thus have a two-component model: µ + µ − pair production may come either from the surface S or from the interior volume V . For a given dilepton invariant mass M we have
where N S and N V represent the number of particles produced by the surface and interior volume, respectively. We then have that the ratio of probabilities α and 1 − α for producing particles by mechanism S and V , over all invariant masses M , is
So, the probability to have a dilepton pair of invariant mass M is given by
and using (5) we conclude that
or, equivalently,
with
and
Surely, equation (9) is just a statement of Bayes' Theorem in this special case. This twocomponent model thus implies that once α is fixed by fitting either distribution S or V the same parameter should be used to correctly fit the remaining distribution.
It should be noted that by construction α is a function of the number of participants N part in the collision, while the distributions P S and P V , although they might or not depend on this quantity, have to obey the normalisation condition (10).
Making use of (5) we further conclude
The procedure to test this very simple model is thus the following:
• Normalise the dilepton spectrum dN/dM so that M dN/dM = 1;
• Use two functions f 1 (M, λ 1 , λ 2 , ...) and f 2 (M, ξ 1 , ξ 2 , ...) ( λ i and ξ i being parameters determining the shape of the distributions) which have the correct shape for each assumed component in the spectrum, and such that M f i (M, ...) = 1 (i = S, V );
• Determine α by determining the scale factor needed to correctly fit one of the components with f 1 in the normalised dilepton spectrum;
• Verify that (1 − α) is the correct scale factor for f 2 to correctly fit the other component;
• If this is true plot α as a function of N part and check whether (11) Recently NA60 has presented results for Indium-Indium collisions at 158 Gev per nucleon on the dilepton spectrum dN/dM in the region 0.2 < M < 1.5 GeV/c 2 for 12 centrality and 4 transverse momentum bins [11] . We identify P S with the probability of emitting a 'normal' ρ, and P V as the probability of emission from the interior volume. For P S , related to the peak, we have used the ρ shape provided by GENESIS [12] and for P V , related to the continuum, we have used a Planck distribution shape which fits the data very well. Note that the exact parametrization should not be relevant for the final result. In any case, in all our fits the
In Fig. 1 we present our estimate for α, (11), as a function of N part , for the 12 centrality bins, integrated over all p T . As can be seen, the model fits the data quite well except for the 3 last centrality bins, and even for these the difference between the data and the model does not exceed 2 standard deviations.
In Fig. 2 we see the result of applying the method to the invariant dilepton mass spectrum the moment be applied to the low p T bin due to the low acceptance of NA60 in this region.
Nevertheless, it seems unavoidable to conclude that the peak at 770 MeV observed in the invariant mass spectra presented by NA60 corresponds to ρs produced at the surface of the fireball.
Conclusions
We are aware that the model presented here is, most certainly, oversimplified. However, we can make some suggestions and predictions.
Regarding the question of restoration of chiral symmetry, it is clear that if the ρ-peak is originated from the surface of the region of interactions, we are led to conclude that any chiral symmetry restoration effect must be found solely in the continuum spectrum underlying the ρ-peak, where volume effects are present.
As the relevant variable is n ≡ Npart 2
we do not expect the ρ-spectrum, at the same energy, to differ, from nucleus to nucleus, for the same N part or rapidity density dn/dy. Contrary to [13] , we expect the ρ-spectrum in In-In and Pb-Pb to be essentially the same for the same N part at the same energy.
Production from the interior volume, compared to surface production, is expected to have, due to multiple scattering, a flatter distribution, with larger p T . Existing NA60 data [11] shows that the p T slope of the p T -distribution is larger for the 0.6 < M < 0.9 Gev/c 2 region (the ρ-peak) than for the 0.9 < M < 1.4 Gev/c 2 region (the continuum dominated region) which implies larger p T for the continuum.
Finally, as the ratio S/V is only related to N part -see (11) -the relation α = 1/n 1/3 of Figs. 1 and 2 is energy independent and should therefore be valid at higher energies, that is at RHIC and at the LHC.
